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Abstract 
Today, one of the major challenges is the utilization of renewable energy resources to its 
maximum extent to reduce our dependency on fossil fuels. In this paper, I have introduced a 
theory supported with detail mathematical calculations and simulations of utilization of 
lightnings as a source of energy. In the first part of the paper a mathematical model is 
prepared using the poissons distribution to predict the approximate no. of lightnings 
occurrence globally. As this data is not precise, I have built a lightning counter electronic 
device that in future will precisely count the lightnings and help in preparing a lightning 
atlas. Once, we know the frequency of occurrence of lightnings at different locations we 
could set up an electro thermal vessel which is a type of power plant which would convert the 
energy of lightnings to generate steam from water which could use to run the turbines and 
generate electricity. The Vessel is designed using compress and Stadd software and its 
thermal analysis is done using CFD-CFX software. 
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INTRODUCTION 
Renewable energy is the need of the 
future, many types of renewable energy 
harnessing technology like wind turbines, 
solar power plants, geothermal energy, 
Biogas etc. have been developed but still 
not sufficient to satisfy the required need 
of electricity. Lightnings that occur during 
the thunderstorms have great energy in 
respect to thermal and electric, although 
the occurrence is for very short period of 
time and storing the 40 million volts and 
30 lakh amperes is impossible but it is 
actually possible to trigger the lightnings 
and make it fall at a position where we can 
convert its thermal energy into steam 
which could be used to run turbines to 
generate electricity. The first thing we 
need to know is the frequency of 
occurrence of lightnings, using the data 
from world bank and other sources we can 
get information about the no. of 
thunderstorms that occur around the globe, 
each thunderstorms can generate atleast 
100 lightning strikes. In this paper I have 
collected the data from different sources, 
done the correlation with each other and 
many other different sources, then selected 
the best sources of data. Also this data was 
very vast hence it was classified into 
different types and an analysis was done to 
find out which types affects the most or 
whose frequency of thunderstorms is more 
and on that basis the selective type of 
events were filtered out for further 
analysis. 
 
So, to this data applying the poissons 
distribution, we could get the yearly 
average no. of thunderstorms occurring in 
each continent and analyse the potential of 
the different continents for the utilization 
of the lightnings. 
  
In the second part of the paper, an 
Electronic device is made using simple 
lDR concept to capture the no. of 
occurrence of lightnings in different 
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regions respectively. This data can be 
useful in the future to predict more 
accurately the lightning occurrence and 
create the lightning map atlas for situating 
the power plants for lightning utilization 
respectively. In the third part, the design 
and analysis of the pressure vessel type 
boiler and heat exchanger device is 
discussed. 
 
POISSONS DISTRIBUTION MODEL 
FOR LIGHTNING FREQUENCY 
PREDICTION DUE TO 
THUNDERSTORMS 
The poissons distribution is often used to 
describe situations in which an event 
occurs repeatedly at a constant rate of 
probability. The poissons distribution [3], 
can be developed considering the 
probabilities that varying number of events 
are detected over an interval during which 
events occur at a constant rate of 
probability.  
 
The essential features of the development 
are that is assumes that The event rate is 
small enough that there will be 
observationally accessible intervals in 
which at most one event occurs i.e. one 
can consider intervals containing either 
zero or one event and The total no. of 
events is small enough that it is useful to 
model their occurrence by a discrete 
probability distribution. 
 
Here, we model the occurrence [1], of one 
type of events i.e. exceedingly high wind 
speed which is the description of a 
thunderstorm or windstorm. Here we 
assume that this event is independent. 
Wind storms are responsible for lightnings 
to a very large extent. The lightnings 
occurring due to these events can be called 
as wind storm lightnings. 
 
Another event to be considered is the 
lightning that typically occurs during the 
rains, the frequency of such lightnings is 
limited and such lightnings can be called 
as rain lightnings, we have to note that a 
rare, but possible event is the simultaneous 
consideration of the light storm and High 
wind event respectively So as we know 
lightnings occur for a limited period of 
time say maximum of 4 months (approx. 
3000 hours).  
 
As per the non-homogenous poissons 
distribution, we have to note that a rare, 
but possible event is the simultaneous 
consideration of the wind storm lightnings 
and rain lightnings. So, for (3000 hours) 
there will be rain lightnings and for the 
remaining 8 months (approx. 5952 hours) 
only wind storm lightnings event will 
occur. 
 
The occurrence is therefore modeled using 
non-homogenous poissons process 
(NHPP) [3], 
     
  
                                                    (1) 
Where,  
P is the probability that n events of a type 
(Natural events) occur in a given time 
period (t) 
 
t is the time period (hours) u is the average 
no. of occurrences of event n over the time 
period (t) 
 
The poissons distribution is usually used to 
model the rare events, and as the wind 
storms lightnings and rain lightnings are 
rare and therefore compatible to be used 
with poissons distribution respectively. 
 
The mathematical model using poissons 
distribution to predict the lightning 
occurrence events due to wind storms and 
rain. 
 
Data for natural disaster events is collected 
for different continents [10] and from 2006 
to 2015 i.e. for 10 years. As shown in 
Table 1, the no. of power outages due to 
natural events for different continents and 
for different years is given.  
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First for the wind storms lightnings events 
of 8 months for each of the 10 years 
(59520 hours). The rate of occurrence is 
the average of all event divided by hours 
which gives the rate of occurrence per 
hour of every 8 months of the 10 years. 
The average no. of occurrence (u) is 
calculated by multiplying the rate of 
occurrence by 10 years. 
 
The data collected is for all the natural 
disaster i.e. high wind speeds, earthquake, 
tsunami etc. here we want only the events 
for wind storms lightnings hence the (n 
=1) is considered. 
 
The probability distribution (P) using Non 
homogenous poissons process calculated: 
 
P = ((((average of total events/59520)*10) 
^1)/FACT (1))*EXP ((-(average of total 
events/59520))*10) according to eqn. 1 
 
Were,  
(Average of total events/59520) = rate of 
occurrence per hour. 
 
Total years considered = 10 
Therefore, u (average no. of occurrence of 
event over the 10 years) 
 = ((average of total events/59520)*10) 
 
As the event type is one, i.e., the wind 
storm lightnings events (n =1) 
 
The calculated Non homogenous poissons 
process probability distribution (P) is 
multiplied by the total no. of events 
occurring over the 10 years to get the no. 
of events of a single type (wind storm) 
over the 10 years as shown in the Table 1. 
 
Now in the second case we will consider 
the two events of wind storm lightnings 
and rain and lightnings to occur 
simultaneously for the remaining 4 months 
of each of the 10 years (30000 hours). The 
rate of occurrence is the average of all 
event divided by hours which gives the 
rate of occurrence per hour of every 4 
months of the 10 years. The average no. of 
occurrence (u) is calculated by multiplying 
the rate of occurrence by 10 years. 
 
As two simultaneous events is considered 
here (n = 2) is considered. 
 
Therefore probability distribution (P) 
using Non homogenous poissons process 
calculated: 
 
P = ((((average of total events/30000)*10) 
^2)/FACT (2))*EXP ((-(average of total 
events/30000))*10) is calculated using 
eqn. 1. 
 
Here,  
 
(Average of total events/30000) = rate of 
occurrence per hour. 
 
Total years considered = 10 
 
Therefore, u (average no. of occurrence of 
event over the 10 years) is  
= ((average of total events/30000)*10) 
 
As the event type is one, i.e., the events s 
due to wind storm lightnings and rain 
Lightnings (n =2) 
The calculated Non homogenous poissons 
process probability distribution (p) is 
multiplied by the total no. of events 
occurring over the 10 years to get the no. 
of events of the dual type (wind storm 
lightnings and rain Lightning) over the 10 
years as shown in the Table 2. 
 
For calculating the total power outage 
events due to wind storm lightnings and 
rain lightnings the two cases of (n = 1 and 
2) are added as shown in Table 3. This 
gives us the total number of lightning 
events for different continent
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Table 1: Non homogenous poissons process for wind storm lightning (n = 1). 
Sr. 
no 
Continents 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Yearly 
Average 
Total 
Poissons 
distribution 
for wind 
storm 
lightnings 
(n =1) 
1 Africa 202 184 173 156 135 165 124 115 101 116 147.1 1471 35.5 
2 America 105 133 143 115 146 131 114 106 116 124 123.3 1233 25 
3 Asia 308 262 240 233 253 235 210 228 228 240 243.7 2437 95.8 
4 Europe 98 104 58 75 99 49 91 69 80 70 79.3 793 10.4 
5 Oceania 18 11 13 19 18 15 14 12 12 24 15.6 156 0.4 
 
Table 2: Non homogenous poissons events for wind storm lightnings and rain lightnings  
(n = 2). 
Sr. 
No. 
Continents 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 
Yearly 
Average 
Total 
Poissons 
distribution 
for wind 
storm 
lightnings 
and rain 
Lightning 
(n =2) 
1 Africa 202 184 173 156 135 165 124 115 101 116 147.1 1471 1.7 
2 America 105 133 143 115 146 131 114 106 116 124 123.3 1233 1 
3 Asia 308 262 240 233 253 235 210 228 228 240 243.7 2437 7.4 
4 Europe 98 104 58 75 99 49 91 69 80 70 79.3 793 0.3 
5 Oceania 18 11 13 19 18 15 14 12 12 24 15.6 156 0 
 
Table 3: Total power outage events using Non homogenous poissons process for wind storm 
lightnings and rain lightnings. 
Continents 
Power outage events as per 
poissons distribution for wind 
storm lightnings (n=1) 
Power outage events as per 
poissons distribution for wind 
storm lightnings and rain 
Lightning (n=2) 
Total power outage events due 
to wind storm lightnings and 
rain Lightnings 
Africa 35.5 1.7 37.2 
America 25.0 1.0 26.0 
Asia 95.8 7.4 103.2 
Europe 10.4 0.3 10.7 
Oceania 0.4 0.0 0.4 
 
ELECTRONIC CIRCUITS FOR 
LIGHTNING COUNTER 
Lightnings occur globally, but there is no 
precise data collection of the no. of 
lightning occurrence for the different 
regions respectively. This data is most 
important for our analysis as it could be 
the key factor for installation of the 
lightning power plants at that particular 
location. Based on the present data 
analysis we can approximate the regions or 
continents were the lightning occurrences 
are higher and go for that particular region 
but in the future for the maximum 
utilization of the lightning power one 
should install the measuring instruments 
for the lightning occurrences 
measurements respectively.  
A simple electronic device is made which 
can be installed at different regions, 
building roofs etc. It consist of a 
microphone which is tuned to catch the 
audio or the sound signal from the 
lightnings.  
 
When the given frequency audio signal is 
received due to the occurrence of lightning 
in the nearby area this signal is converted 
to an LED signal as shown in the Fig. 1. 
There are 10 LED mounted which will 
give us an indication of the distance of the 
occurrence of lightnings from the device 
position. More the strength of the audio 
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signal more no. of LEDs will light which 
will mean that the lightning has occurred 
in the nearby radius for which the LED are 
calibrated and less no. of LED means the 
lightnings have occurred far from the 
device location. 
 
As shown in Fig. 2, a counter circuit is 
developed for each LED light bulb. 
Whenever a LED is lighted its light falls 
on the LDR and the count for it is done 
and is recorded and therefore for all the 
LED the no.of counts is done. This data 
can yearly be analyzed to count the 
lightnings at that region respectively.
 
 
Figure 1: Electronic circuit for lightning audio to LED light based signal. 
 
 
Figure 2: Electronic circuit for LED light based counter. 
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ELECTRO-THEMAL FUEL VESSEL 
FOR LIGHTNING UTILIZATION 
Lightnings has a tremendous amount of 
heat energy, the surface temperature of 
lightning is five times that of the sun i.e. 
29726.667 degree Celsius. The vessel will 
convert the thermal energy of the lightning 
current to generate steam from water. In 
the first process the lightning will be 
triggered to fall into the vessel, the 
triggering is a very old method which is 
very effective to make the lightning fall at 
a particular location, in his process during 
a thunderstorm a rocket/ laser beam is 
fired from the ground which ionizes the air 
in its path and this path then becomes the 
least resistance path for the lightning to 
pass and therefore the lightning will pass 
through this path and therefore, fall at the 
location from where the laser/rocket was 
launched. 
  
If the laser/rocket was launched from the 
vessel the lightning will fall in the vessel 
were it will be directed through it and heat 
the air under pressure in the vessel 
respectively. The vessel will be designed 
to sustain the high pressure and 
temperature. The thickness of the vessel is 
selected as per the lightning temperature 
and the pressure can be regulated through 
the valves and the nozzles which will carry 
the heated air to a heat exchanger. The 
design temperature is considered around 
1000 degree Celsius for the design of the 
vessel and the design pressure is 
maintained around 300psi. If the pressure 
exceeds the air flows out to the nozzles 
through the one way nozzles and move to 
the heat exchanger. The vessel is designed 
as per the ASME sec VII div 1 and IS 
2825 codes. 
 
Although the temperature of the lightnings 
is 29726.667 degree Celsius but the 
resistance of the material through which 
the lightning will flow in the vessel will be 
of low resistance and generate lower heat 
and also the air that will be in the vessel 
will be there will also be pre cooled so that 
when lightning will pass through the air 
the temperature will not exceed the design 
temperature respectively. 
 
The detail specification of the pressure 
vessel is given in Table 4. The design of 
pressure vessel in the compress software is 
shown in the Fig. 3. 
 
Table 4: Pressure vessel design specifications. 
Sr. No. Component Details 
1 Pressure vessel shell type Cylindrical type 
2 Head type Hemispherical/Ellipsoidal 2:1 
3 Flanges type Weld neck type 
4 Nozzle material SA 13 grade B seamless pipe 
4 Pressure vessel material SA 516 grade. 70 
5 Head material SA 516 grade. 70 
7 Flanges and bolts material ANSI B16.5 and 300psi of stainless steel 
8 Codes ASME sec VII. Div. 1 and IS 2825 
9 Pressure vessel lining Three layers of FRP. 
10 design pressure 300psi 
11 design temperature 1000 degree Celsius 
12 Weld joints Full penetration welded joints 
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Figure 3: Pressure vessel 3D modelling on compress software. 
 
From the vessel, the heated air is passed 
through the nozzle to the heat exchanger 
were the heat from the air is transferred to 
water through a finned heat exchanger. 
The 3-D model of exchanger is built in 
pro-e software and its thermal analysis is 
done on ANSYS-CFD using the CFX 
analysis. The details of the heat exchanger 
model is shown in Fig. 4 and CFD 
meshing and elements details with the 
boundary cond. are shown in Table 5. for 
heat exchanger. 
 
 
Figure 4: Heat exchanger model for CFD analysis. 
 
Table 5: CFD mesh and boundary condition details. 
Sr. No. Domain Nodes Elements 
1 Air 20688 85761 
2 Heat exchanger 2148 6170 
3 Fluid (water) 980 4296 
4 Finns 10573 31069 
4 Interference models General connections 
5 Heat transfer Conservative Interface flux 
7 Mesh connections GGI 
8 Finn location Primitive 2D 2, primitive 2D A 2 
9 Heat transfer for finn adiabatic 
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CONCLUSION 
From the vessel design and analysis on the 
CFD software, it can be seen that the 
design can withstand the lightning thermal 
energy and convert it into steam for 
electricity generation using steam turbines 
through the heat exchanger respectively. 
The lightning counter which is an 
electronic device can be installed at places 
which are at high altitude or the places 
were a lightning power plant can be set up. 
The device for one to two years will 
measure the lightning occurences in that 
region and based on that data a lightning 
atlas can be prepared which will per year 
show how much lightnings have occurred 
in a particular region respectively. 
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